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PHARMACEUTICAL AND DIETARY USES OF FATTY ACIDS 

FIELD OF THE INVENTION 

The invention relates to pharmaceutical and dietary uses of fatty acids. 

5 

GENERAL BACKGROUND - PGs 

A great deal of attention has been paid in recent years to the formation and effects of prostaglandins 
(PGs). PGs of the 1 -series, derived from DGLA, have desirable actions, PGs at the 2-series, formed from 
70 arachidonic acid, are of part desirable, part undesirable effect. 

The outline of production of 1 -series and 2-series PGs in the body is believed to be as shown in the 
following diagram: 
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40 | 

2 SERIES PG'S . ;. 

45 The broad outline of this pathway is well known, and it brings out clearly that a major function of 
essential fatty acids is to act as precursors for prostaglandins, 1 -series PGs being formed from DGLA and 
2-series PGs from arachidonic acid. Further, it has recently been found that the 22:4 n-6 acid produced 
from arachidonic acid gives rise to a series of homo-2-series PGs, though their importance is as yet 
unknown. 

50 

. GENERAL BACKGROUND - FATTY ACIDS 



A great deal of attention has also been paid to the essential fatty acids. 
55 The pathways of metabolism of the n-6 essential fatty acids and the related n-3 acids sharing, it is 
believed, common enzymes in the two pathways, are: 
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The pathways are not normally reversible nor, in man, are n-3 and n-6 series acids inter-convertible. 

The acids, which naturally are of the all-cis configuration, are systematically named as derivatives of the 
corresponding octadecanoic, eicosanoic or docosanoic acids, e.g. delta-9, 12-octadecadienoic acid or delta- 
.4,7,1 0,13,1 6,1 9 docosahexaenoic acid, but numerical designation such as, correspondingly, 18:2 n-6 or 22:6 
n-3 is convenient. Initials, for example, DHA for 22:6 n-3 ( d ocosa h exaenoic acid), are also used but do 
not serve when n-3 and n-6 acids of the same chain length~and degnee of unsaturation exist. Trivial names 
in more or less common use in the n-6 series are as shown. Of the n-3 series only 18:3 n-3 has a 
commonly used trivial name, alpha-Iindlenic acid. It was characterised earlier than gamma-linolenic acid and 
reference in the literature simply to linolenic acid, especially in the earlier literature, is to the alpha-acid. 

DGLA is the key substance. GLA is almost completely and very rapidly converted in the body to DGLA 
and so for practical purposes the oral administration of DGLA and GLA amounts to the same thing. DGLA 
can be converted to a storage form or to PGs of the 1 -series or, through arachidonic acid, to PGs of the 2- 
series. . 
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Considering dietary requirements, it is well known, for example, that linoleic acid cannot be made by 
the body and so must be taken in the diet. However, it has been generally thought that the body can 
metabolise linoleic acid to all the other n-6 acids and therefore that provided linoleic acid intake is adequate, 
no lack of the other n-6 acids will be found. 

5 Occasionally, however, because of dietary deficiency, or failure of absorption due to loss of intestines or 
pancreatic or hepatic failure, or because of inadequate total parenteral nutrition, LA levels in blood are low 
and the levels of LA metabolites are also low. Much more common, however, is a normal or elevated level 
of linoleic acid, with a deficit of its metabolites, GLA, DGLA and AA. This is because the conversion of LA to 
GLA is normally rate-limiting and can be further reduced in a wide variety of situations leading to an 

to inadequate flow of formation of GLA and the further metabolites. Situations in which AA is low include atopic 
disorders such as eczema, asthma and allergic rhinitis; elevation of cholesterol and increased risk of 
coronary heart disease; excess intake of alcohol and alcoholism; diabetes mellitus; inflammatory disorders 
such as rheumatoid arthritis and systemic sclerosis; vasospastic disorders such as Raynaud's syndrome; 
viral infections such as those with Epstein-Ban* virus, respiratory tract viruses, AIDS, or the post-viral fatigue 

75 syndrome; warts; breast disorders and premenstrual syndrome; cancers of all types; prostate disorders and 
male and female infertility; stress associated disorders which produce increased levels of release of 
catecholamines and adrenal steroids. . 

Administration of either GLA or DGLA can readily correct the reduced levels of DGLA. However, 
because there is a second rate-timiting step between DGLA and AA, administration of GLA or DGLA often 

20 fails to bring AA levels back to normal. AA is available from the diet but normal dietary intakes often seem 
inadequate to restore plasma AA levels to normal. There is therefore a strong case for the direct 
administration of AA since AA is known to be a very important constituent of cell membranes. 

Unfortunately, while AA is a vital component of membranes, it is also the precursor of a range of 
substances produced by cyclo-oxygenase and 5- and 12-lipoxygenase enzymes which are likely to have 

25 adverse effects including thrombosis, vascular spasm and inflammation. There is therefore considerable 
hesitation on the part of physicians about the value of administering AA because there is a fear of the 
occurrence of catastrophic side effects. 

DGLA in contrast is converted to two metabolites which are highly desirable, PGE1 and 15-OH-DGLA. 
PGE1 is vasodilator, anti-thrombotic and anti-inflammatory and directly antagonizes many of the potential 

30 adverse effects of AA. Moreover, by stimulating the formation of cyclic AMP, PGE1 inhibits phospholipase 
A2 which releases free AA from membranes. PGE1 thus allows the incorporation of AA into membranes 
while inhibiting its release and is therefore likely to support the restoration of the normal structure of 
membranes which have been depleted of AA. Since only free AA can be converted to the harmful products, 
this retention of the AA in membranes will reduce the risk of adverse events. The other metabolite of DGLA, 

35 15-OH-DGLA, is a potent inhibitor of the 5- and 12- lipoxygenase enzymes which convert AA to potentially 
harmful metabolites. 

Free DGLA and DGLA salts dissociated at physiological pH values can be rapidly converted to PGE1 
and 15- OH-DGLA. Esters, giycerides and other covalent derivatives of DGLA are less rapidly converted to 
the desirable metabolites, but might be expected to exert desirable effects under certain circumstances 
40 when co-administered with AA. 



THE INVENTION 

45 The invention lies in a method of reducing the risk of production of undesirable metabolites of AA on 
administration to correct deficiency thereof, wherein free GLA or DGLA or salts thereof dissociated at 
physiological pH are administered with AA at the same time or separately to a person suffering from such 
deficiency. 

A further aspect of the invention lies in a method of preparation of a medicament for such purposes, 
so wherein said free GLA or DGLA or salt is prepared as said medicament alone or in a pharmaceutically 
acceptable diluent or carrier. Such medicament conveniently contains the AA also. 

Further, since n-3 EFAs also compete with AA for conversion to metabolites, and since the metabolites 
of the n-3 EFAs are consistently less harmful than the equivalent metabolites of AA, the GLA or DGLA can 
optionally be combined with an n-3 EFA, notably either eicosapentaenoic acid (EPA) or docosahexaenoic 
55 acid (DHA). 

Thus the risk of administering AA in any form, whether as the free acid, mono- di- or triglyceride, ethyl, 
methyl or other ester, or any other physiologically equivalent derivative as discussed below, is reduced by 
supplying the AA together with free GUVDGLA or an appropriate GLA/DGLA salt such as lithium, sodium or 
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potassium DGLA. This combination can therefore be used to treat any condition in which blood or tissue AA 
levels are below normal and, in particular, the conditions above. 

DGLA given as such or produced from GLA produces the desired effect in at least three ways: 

1 . DGLA is converted to PGE1 which directly antagonizes the two most dangerous effects of AA, excess 
s platelet aggregation and vasoconstriction, produced by a number of AA metabolites but notably and most 

potently by thromboxane A2. 

2. Much of the AA administered is rapidly incorporated into phospholipids in cell membranes where it 
exerts a desirable effect by improving membrane fluidity and flexibility. While the increased level of AA 
in cell membranes would mean that more AA was available to be released from those membranes by 

10 phospholipase A2 (which makes AA available for conversion to its metabolites), PGE1 raises levels of 
cyclic AMP which in turn inhibits phospholipase A2. The DGLA administered therefore helps to ensure 
that the administered AA remains in the membranes where it is useful and is not released by 
phospholipase A2 to the free acid form, readily converted to potentially harmful metabolites such as . 
thromboxane A2 and the various ieukotrienes. 

75 3. Free AA is converted by cyclo-oxygenase to a range of prostaglandins and related substances, 
including thromboxane A2. It is also converted by 5-lipoxygenase, which forms a variety of pro- 
inflammatory agents including the Ieukotrienes, and to 12- lipoxygenase which leads to the formation of 
other pro- inflammatory substances, notably 12-hydroxyeicosatetraenoic acid (12-HETE). However DGLA 
leads to the formation of 15-OH-DGLA which inhibits both the 5- and 12- lipoxygenases. 

20 

FORMS OF AA AND OTHER ACIDS 

The AA and n-3 acids if present may be used as such or as pharmaceutical^ acceptable and 

25 physiologically equivalent derivatives as, for example, salts, amides, esters including glyceride esters and 
alkyl (e.g. C1 to C4) esters, and phospholipids, and references to the acids herein whether in the claims or 
elsewhere are to be taken as including reference to them when in the form of such derivatives. Equivalence 
is demonstrated by entry into the pathway quoted herein, as evidenced by effects corresponding to those of 
the acid itself or its natural glyceride esters. Thus, indirect identification of useful derivatives is by their 

30 having the valuable effect in the body of the acid itself, but conversion can be shown directly by gas 
chromatographic analysis of concentrations in blood, body fat, or other tissue by standard techniques, for 
example those of Pelick et al p 23, 'Analysis of Lipids and Lipoproteins' Ed Perkins, American Oil Chemists 
Society, Champaign, Illinois, U.S.A. 

In outline the method is suitably that plasma samples (1ml) are extracted with chloroform:methanol 

35 (2:1). The extract is filtered through sodium sulphate, evaporated to dryness, and taken up in 0.5ml 
chloroform: methanol. The lipid fractions are separated by thin, layer chromatography on silica gel plates. 
The phospholipid fraction; taken to reflect essential fatty acid contents most sensitively, is methylated using 
boron trifluoride-methanol. The resulting methyl esters of the fatty acids are separated and measured using 
a Hewlett-Packard 5880 gas chromatograph with a six foot column packed with 10% silar on chromosorb 

40 WAW 106/230. The carrier gas is helium (30ml/min). Oven temperature is programmed to rise from 165* to 
190* at 2* C/min. Detector temperature is 220* and injector temperature 200* C. Retention times and peak 
areas are automatically computed by Hewlett-Packard Level 4 integrator. Peaks are identified by compari- 
son with standard fatty acid methyl esters. 

45 

DIETARY COMPOSITIONS 

The invention is chiefly described in terms of methods of treatment and pharmaceutical compositions, 
but it will be understood that the gamma-linolenic and other acids, being in the nature of dietary 
so supplements, could be incorporated in a dietary margarine or other foodstuff which would then constitute a 
medicament as referred to herein. 



RANGES AND DOSES 

55 

Effective ranges of AA to GLA/DGLA ratio are wide, but desirably the range is from 10:1 to 1:10 and 
preferably from 4:1 to 1 :4, by weight. 

The dose of AA in the above mixture is desirably 10 mg to 10 g and preferably 100 mg to 3 g per day. 
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Further, where salts are present, the salt-forming moieties should be iii amounts themselves physiologically 
acceptable, for example sodium or potassium up to 4 g/day and lithium up to 400 mg/day. 

s SOURCES OF GAMMA-LI NOLENIC AND OTHER ACIDS 

Known natural sources of oils having a high gamma-linolenic acid content include the seed of Evening 
Primrose species such as Oenothera biennis L and Oenothera lamarckiana , the oil extract therefrom 
containing gamma-linolenic acid (about 8%) ancflinoleic acid (about 72%) in the form of their glycerides 
70 together with other glycerides (percentages based on total fatty acids). Other sources of gamma-linolenic 
acids are Borage species such as Borage officinalis which, though current yield per acre is low, provide a 
richer source of gamma-linolenic acid than Oenothera oil. Recent studies on fungi which can be cultivated 
by fermentation promise a fungal oil source. 

The oil is extracted from seed by one of the conventional methods of extraction such as cold pressure, 
75 screw pressure after partially cooking the seed, or solvent extraction. 

Fractionation of a typical sample of this oil in the form of methyl esters shows the relative proportions: 



20 



Palmitate 


6.15 


Stearate 


1.6 


Oleate 


10.15 


Unoleate 


72.6 


Gamma-linolenate 


8.9 



25 , 

As preservative, alpha-tocopheroi is added to the oil in a concentration 0.1 %. 

The seed oil extracts referred to above can be used as such or can, for example, if desired, be 
fractionated to yield an oily composition containing the triglycerides of gamma-linolenic and linoleic as the 
main fatty acid components, the gamma-linolenic acid content being if desired a major proportion. Seed oil 
30 . extracts appear to have a stabilising effect upon dihomo-gamma-linolenic acid if present. 

SOURCES OF OTHER ACIDS 

35 Of the acids other than GLA, AA is readily available from animal sources, or from fermentation of certain 
fungi such as Mortierella spp or by chemical synthesis. Natural sources of DGLA are limited but there are 
fungal sources for example Mortierella alpina (Shimizu et al, JAOCS 66 No 2 pp 237-241 February 1989). 
The acid can be isolated from these sources by, for example, saponification under mild non-oxidising 
conditions followed by preparative gas liquid chromatography. Synthesis of the DGLA is difficult but not 

4 o impossible and provides another source. 

PHARMACEUTICAL PRESENTATION 

45 The compositions according to the invention are conveniently in a form suitable for oral, rectal or 
parenteral administration in a suitable pharmaceutical vehicle, as discussed in detail for example in Williams 
British Patent Specification No. 1 ,082,624, to which reference may be made, and in any case very well 
known generally for any particular kind of preparation. Thus, for example, tablets, capsules, ingestible liquid 
or powder preparations can be prepared as required, and topical preparations also when the gamma- 

so linolenic acid or other acids are absorbed through the skin. Injectable solutions of hydrolysed Oenothera oil 
may be prepared using albumin to solubilise the free acid. 

Advantageously, a preservative is incorporated into the preparations. Alpha-tocopherol in concentration 
of about 0.1 % by weight has been found suitable for the purpose. 

It will be understood that the absolute quantity of active materials present in any dosage unit should not 

55 exceed that appropriate to the rate and manner of administration to be employed but on the other hand 
should also desirably be adequate to allow the desired rate of administration to be achieved by a small 
number of doses. The rate of administration will moreover depend on the precise pharmacological action 
desired. 
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EXAMPLES 

Soft or hard gelatine capsules with or without enteric coating, made by conventional methods, and other 
preparations, are administered to counter low AA levels in the conditions referred to herein, as follows: 
5 1 . Soft gelatine capsules containing 200mg ethyl-AA and 200mg free DGLA, six daily. 

2. Hard gelatine capsules containing 300mg AA in triglyceride form and 100mg of a lithium, sodium or 
potassium salt of DGLA, three daily. 

3. Hard gelatine, enteric coated capsules containing 100mg of AA free acid and 200mg of DGLA free 
acid, twelve daily. 

io 4. A solution for enteral nutrition containing 100mg/100ml of AA as ethyl ester, triglyceride or sodium 
salt, + 25mg of DGLA sodium salt and 25mg of DGLA lithium salt, 100 ml daily. 

5. An emulsion for parenteral administration containing 100mg/100ml ethyl-AA, plus 50mg of lithium, 
sodium or potassium-DGLA, 100 ml daily. 

6. A solution for topical administration containing 30mg/ml of the lithium, sodium or potassium salt of 
75 DGLA and 20mg/ml of the lithium, sodium or potassium salt of AA, 20 ml applied three times daily. 

7. A cream for topical administration containing 50mg/ml ethyl AA and 50mg/ml sodium-DGLA, 10 ml 
applied three times daily. 

20 Claims 

1 . A method of preparation of a medicament for reducing the risk of production of undesirable metabolites 
from free bodily AA on administration of AA to currect deficiency thereof, wherein GLA and/or DGLA as 
such or in the form of a salt dissociated at physiological pH is prepared as said medicament alone or 

25 incorporated in a pharmaceutical^ acceptable diluent or carrier. 

2. A method according to claim 1 wherein said medicament further contains the AA to be administered. 

3. A method according to claim 1 or 2, wherein said medicament further contains EPA, DHA or other n-3 
series essential fatty acid. 

4. A method of reducing the risk of production of undesirable metabolites from free bodily AA on 
30 administration of AA to' correct deficiency thereof, wherein a composition of GLA and/or DGLA as such or in 

the form of a salt dissociated at physiological pH is administered alone or in a pharmaceutically acceptable 
diluent or carrier to a person suffering from such deficiency, the AA being administered in the same 
composition or separately. 

5. A method according to claim 4, wherein the composition further contains EPA, DHA or other n-3 series 
35 essential fatty acid, or such acid is administered separately. 



45 



so 



55 



8 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(£) Publication number: 



0 409 559 A3 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 90307800.4 
© Date of filing: 17.07.90 



© int. CIA A61K 31/20 



© Priority: 21.07.89 GB 8916734 

© Date of publication of application: 
23.01.91 Bulletin 91/04 

® Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

® Date of deferred publication of the search report: 
03.07.91 Bulletin 91/27 



© Applicant: EFAMOL HOLDINGS PLC 
Efamol House Woodbridge Meadows 
Guildford Surrey GU1 1 BA(GB) 

© Inventor: Horrobin, David Frederick 

c/o Efamol House, Woodbridge Meadows 
Guildford, Surrey GU1 1BA(GB) 

© Representative: Caro, William Egerton et al 
J. MILLER & CO. Lincoln House 296-302 High 
Holborn 

London WC1V7JH(GB) 



© Pharmaceutical and dietary uses of fatty acids. 



© A method of preparation of a medicament for 
reducing the risk of production of undesirable 
metabolites from free bodily AA on administration of 
AA to currect deficiency thereof, wherein GLA and/or 
DGLA as such or in the form of a salt dissociated at 
physiological pH is prepared as said medicament 
alone or incorporated in a pharmaceutical ly accept- 
able diluent or carrier. 



CO 
< 

If) 
LO 

a> 
o 

Q. 

LU 



Xerox Copy Centre 



European Patent PARTIAL EUROPEAN SEARCH REPORT 

which under Rule 45 of the European Patent Convention 
e shall be considered, for the purposes of subsequent 

proceedings, as the European search report 



Application number 

EP 90 30 7800 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to ciaim 


CLASSIFICATION OF THE 
APPLICATION (Int. CI.*} 


X 


EP-A-0 195 570 (EFAMOL LTD) 
* Whole document * 
— 


1-3 


A 61 K 31/20 


X 


EP-A-0 211 502 (EFAMOL LTD) 
* Whole document * 


1-3 




X 


EP-A-0 218 460 {EFAMOL LTD> 
* Whole document * 


1-3 


- 


X . 


EP-A-0 283 140 { EFAMOL LTD) 








* Whole document * 


1-3 


TECHNICAL FIELDS 
SEARCHED (Int. Cl.*| 




-/• 




A 61 K 


INCOMPLETE SEARCH 




The Search Division considers tnat the present European patent application does not comply with 

the provisions ol the European Patent Convention to such an extent that It is not possible to carry 

out a meaningful search into the state of the art on the basis of some of the claims. 

Claims searched completely: 

CI ai ms s ea r ched jncom pleteiy : 1 — 3 

Claims not searched: 4/5 

Reas on for the limitation of the search: 




Claims 4,5: 

Method for treatment of the human 
or animal body by surgery or therapy 
(See art. 52(4) of the European 
Patent Convention) 






For 


further information see sheet -C- 







Place ot search 
THE HAGUE 



Date of completion of the search 

12-02-1991 



Examiner 

GOETZ 



CATEGORY OF CITED DOCUMENTS . 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



theory or principle underlying the invention 
earlier patent document, but published on, or 
after the filing date 
document cited in the application 
document cited for other reasons 



& : member of the same patent family, corresponding 
document 



ytlll European Patent 
OJj) OUice 



PARTIAL EUROPEAN SEARCH REPORT 



Appltcai'OA number 

EP 90 30 7800 
-2- 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of a o cum en i wiin tnflication, where appropriate, ot relevant 
passages 



EP-A-0 222 483 (EFAMOL LTD) 
* Whole document * 



Relevant 
to a aim 



1-3 



CLASSIFICATION OF TH£ 
APPLICATION (Int. CI.*) 



TECHNICAL FIELDS 
SEAHCHEOdni CM) 



£PO Form 08.79 



EP 90 30 7800 -C- 



The expression: "reducing the risk of production of under ivable 
metabolites from free bodily AA on administration of AA to 
currect deficiency thereof" is unclear and obscure and gives 
no exact and definite characterization of a disease. 

Additionally the subject matters of claims 1-3 are not supported 
by pharmacological evidence. As a result, those subject matters 
are speculative (EPC Articles 52(2) (a), 83 and 84). In the absence 
of pharmacological data, the evaluation of the technical nature 
of the. subject matter and of the prior art are equivocal and 
subjective. As a consequence, it may well be that the most 
relevant prior art has not been cited in the search report. 



